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INTRODUCTION
The nonabelian tensor square G G of the group G is a special case of the nonabelian tensor product G H for arbitrary groups G and H. The Bieberbach groups are torsion free crystallographic groups. Mohd Idrus et al. [1] found that there are 73 centerless Bieberbach groups with dihedral point group of order eight using the Crystallographic Algorithms and Tables (CARAT) package. One of them has dimension 4, eleven of them have dimension 5 and the rest of them have dimension 6.
The main focus of this paper is to compute the nonabelian tensor square of the first Bieberbach group of dimension five with dihedral point group of order eight, denoted by 1 (5) . B The result has been verified using Group, Algorithms and Programming (GAP) software.
Preliminary Results
This section provides some basic definitions and structural results used in this paper. We start with the definition of polycyclic presentation and consistent polycyclic presentation. Definition 1 [2] . Polycyclic Presentation Let F n be a free group on generators 1 ,..., n g g and R be a set of relations of group G. Definition 2 [2] . Consistent Polycyclic Presentation Let G be a group generated by n g g ,..., 1 . The consistency of the relation in G can be determined using the following consistency relations:
There are some methods that have been used by earlier researchers in computing the nonabelian tensor square G G of a group G. In [3] [4] [5] they used crossed pairing method to compute the nonabelian tensor square by determining a unique homomorphism *: G G L . Brown et al. in [6] used the definition given in (1) to
for all group G of order at most 30 by forming the finite presentation. In [7] , Ellis and Leonard give a computer algorithm, Cayley program, which is capable of determining the nonabelian tensor squares of bigger groups.
In this paper, we use the structural results of the group ) (G which is a subgroup of [ , ] G G , the commutator calculus, and a computer algebraic system GAP [8] to compute the nonabelian tensor square of the group B 1 (5). The structural results of ) (G , which is polycyclic, was studied by Ellis and Leonard [7] , Rocco [9] and has been extended by Blyth and Morse [10] , and is given as follows.
Definition 3 [7, 9] . Let G be a group with presentation R G and let G be an isomorphic copy of G via the mapping : g g for all g G . The group ) (G is defined to be
Ellis and Leonard [7] and Rocco [9] have shown that ) (G is isomorphic to the nonabelian tensor square of the group G as given in the following theorem.
Theorem 1 [9].
Let G be a group. The map :
Beside the commutator calculus, the following lemmas about the structural results of the group ) (G are used in the computation of the nonabelian tensor square of 1 (5 (ii) In order to determine the structure of G G , we compute ) (G using the following proposition that had been proved in [10] .
Proposition 1 (Proposition 20 [10] ) Let G be a polycyclic group with a polycyclic generating sequence A consistent polycyclic presentation of the group B 1 (5), which is determined based on Definition 1 and 2, is given as follows:
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To compute the nonabelian tensor square )
of B 1 (5) means that we need to get its independent generators and its presentation. In this paper, we focus on the calculation of getting the independent generators only.
By Proposition 1, the subgroup 1 1 [ (5), (5) ] B B which is isomorphic to )
by Theorem 1 is generated by the set of 148 generators as in (3) where some of them are identities and some of them are products of other generators. The set given in (3) below needs to be reduced to only contain the independent generators where they can be obtained by using the relation of B 1 (5), commutator calculus, and Lemma 1-3. 
VERIFICATION USING GAP
In this research, we use GAP to assist our computation.
The following commands give the output of the nonabelian tensor square of B 1 (5).
To verify this set of generators is true or not, we check using the following GAP commands:
Conclusion
In this paper, the nonabelian tensor square is computed manually using the structural results of the group ) (G , commutator calculus and then verified by using GAP. We can see that the nonabelian tensor square of the first Bieberbach group of dimension five with dihedral point group of order eight, B 1 (5) , is generated by ten elements. This results can further be used to find other useful properties of B 1 (5) such as the homological functors of the group.
